each week, and soil water was only collected on the sampling day and not left to accumulate between 154 samplings. We concluded seasonal sampling when the top 10 cm of soil was frozen at both sites and soil 155 water could no longer be collected. 156
Samples were frozen upon collection until analysis. NH 4 + , NO 3 -, and TFPA were analyzed using 157 colorimetric (NO 3 -and NH 4 + ) or fluorometric (TFPA) microplate assays. NH 4 + was determined using a 158 modified Berlethot reaction (Rhine et al. 1998) We found some, but not complete support for the predictions of our conceptual model of seasonal soil 228 N dynamics (Fig. 1) . We predicted that soil N would remain low throughout the growing season because 229 of high microbial and plant demand for N (Hypothesis 1). In contrast, we found surprising variability in 230 both soil NH 4 + and NO 3 -during the portions of the season that plants are most active and suggest that 231 more soil N data collected at a high temporal resolution will need to be collected to improve our 232 conceptual model of seasonal soil N dynamics in Arctic tundra. 233
At both of our study sites, we found early growing season peaks in multiple soil nutrient pools. At 234 both sites there was an early-season peak in TFPA. However, this peak only occurred in the first 235 sampling after lysimeters were placed, raising the possibility of an insertion effect. Only at Toolik was 236 this TFPA peak followed by peaks in other nutrients including large and distinct peaks in NH 4 + and PO 4 3-
237
(PO 4 3-was not measured at Imnavait), a pattern also seen in alpine tundra (Lipson et al. 1999 ). The early 238 growing season NH 4 + peak at Toolik was immediately followed by an increase in NO 3 -, suggesting that a 239 significant proportion of the NH 4 + was nitrified in concordance with our model, and Hypothesis 2. season and began after soil had thawed to 10 cm and allowed insertion of the lysimeters into the soil. 251
Plant phenology and soil temperature data indicated that these early season peaks we detected at 252
Toolik only occurred well after we would typically expect a 'thaw peak' in N. Our measured peaks in soil 253 N occurred after spring was well in progress: the soil temperatures at 10 cm depth had consistently 254 reached a daily minimum above 0 °C, and bud break in Betula nana, one of the dominant species in this 255 ecosystem, had already occurred. The combination of these data sets provides support for the 256 possibility of a second early growing-season peak in TFPA and NH 4 + which occurs after a post-thaw 257 related pulse of N released by microbial turnover. As we do not have TFPA and NH 4 + values immediately 258 after soil thaw, however, we cannot exclude the possibility that the early season pulse of TFPA and NH 4 + 259 is the tail end of a peak in nutrients resulting from a crash in microbial biomass. Also, because peaks in 260 NH 4 + were found only in specific microsites at Imnavait (tussock but not intertussock soils), the site-261 specific degree of N-limitation may also determine the presence of these early season peaks in soil N. ecosystems at a high temporal resolution will be required to support this conclusion. 323
We described a conceptual model of seasonal soil N fluctuations in Arctic tundra (Fig. 1) future investigators sample soil nutrients at a higher temporal resolution to determine the potential 331 variability in growing season soil N that may occur after the well-described post-thaw peak. 332
Summary and Future Directions 333
Using weekly sampling of soil pore water at two tundra sites in northern Alaska we demonstrate 334 that soil N availability during the growing season may be more variable than previously described. We 335 
